Periodontal disease (PD) is the second most common disease affecting dogs in UK veterinary practices. Veterinary and human literature suggests that periodontal disease may be associated with bacteraemia and a chronic, systemic release of inflammatory mediators which produce direct or immune-mediated changes elsewhere in the body. Thirty canine periodontal patient's electronic medical histories were analysed for comorbidities. The findings were analysed overall to identify any possible associations. Seventy three percent of these dogs had comorbidities, most commonly haematopoietic, cardiovascular, musculoskeletal and hepatic systems were involved. The most prevalent comorbidities were: high liver enzymes, heart murmur, mitral valve disease, and monocytosis. Other interesting comorbidities were: endocarditis, neutrophilia, submandibular lymph node enlargement and arthritis. Periodontal disease patients had a higher prevalence of disease when compared to the disease prevalence data for UK pet dogs in general. Mitral valve disease was over 17 times more likely in the periodontal disease patients. Comorbidity disease prevalence also increased with more severe periodontal disease stages. This study supports an association between periodontal disease and systemic diseases in the dog.
INTRODUCTION
Periodontal disease (PD) is the second most frequently seen disease in dogs in a veterinary practice in the United Kingdom [17] . Eighty percent of dogs show signs of periodontal disease by three years of age [29] and the incidence of the disease increases considerably with advancing age, causing significant oral pain and suffering [22] . Pet owners are currently recommended to brush their dog's teeth once per day, although compliance to this oral hygiene recommendation is low [12, 15] .
Periodontal disease may act as a source of bacteraemia and chronic inflammation causing a chronic systemic release of inflammatory mediators, bacterial and cellular byproducts which may lead to direct or immune-mediated changes elsewhere in the body.
There is evidence in both the human and veterinary literature of an association between periodontal disease and systemic diseases. In humans, 57 systemic conditions are being researched in connection to periodontal disease; most of which are the result of chronic inflammatory disease [14] , including cardiovascular diseases such as atherosclerosis, stroke and coronary heart disease [1, 16,] , endocarditis [8] , rheumatoid arthritis [2, 4, 5,] , diabetes [6, 26] and pregnancy complications such as preeclampsia [3, 21] , low birth weight [9] and premature delivery [28] .
Less literature is available on dogs, although, mitral valve disease, atherosclerosis [19] , histologic changes in the myocardium [7] , endocarditis [11, 25] , chronic kidney disease [10, 24] , hepatic pathology [19] , diabetes [13, 18, 20] and meningoencephalomyelitis [27] have been reported.
The aim of this study was to select canine periodontal patients, grade the severity of the periodontal disease, identify concurrent systemic diseases in each patient and analyse the overall findings to identify potential associations.
MATERIALS AND METHODS

Sample selection
Gatehouse Veterinary Centre in Lavister, a small animal first opinion veterinary practice in Wales, UK, provided access to their canine periodontal patient medical histories.
The 30 most recent periodontal patient dental examination patients were selected, and their electronic medical histories analysed for concurrent diseases. The sample included 30 dogs of 18 breeds, aged 2 to 16 years of which 13 were females and 17 males.
Stage of periodontal disease
The patient's dental charts were analysed to determine the level of severity of periodontal disease. Guidelines for staging were outlined on the dental charts to allow the veterinary surgeons to categorise each stage in the same way. [23] .
Medical history analysis
Using the electronic medical histories, haematology and biochemistry test results, pathology laboratory reports, dental records and consultation and surgery notes were analysed to identify comorbidities. This was facilitated by the practice recommending pre-anaesthetic blood tests for patients before dental examinations.
RESULTS AND DISCUSSION
The periodontal disease patient sample involved a wide range of breeds, ages, genders and periodontal disease stages. From the sample, 73 % of the periodontal patients were found to have one or more comorbidities (Table 1 ).
There were common associations in the periodontal patient samples. Certain organ systems were affected more frequently than others. The haematopoietic and cardiovascular systems were the most prevalent systems affected ( had comorbidities and 92 % of stage 3 had comorbidities ( Fig. 1 ). This suggests that the more severe the periodontal disease becomes, the greater the chance of systemic disease developing.
DISCUSSION
The findings support an association between periodontal disease and systemic diseases in the dog. The data also support current literature which links canine periodontal disease to heart disease [7, 11, 19, 25] and hepatic pathology [19] and can be related to human associations such as:
arthritis [2, 4, 5] and endocarditis [8] .
This study suggests that periodontal disease could be an important factor in the development of systemic diseases. Until then, this data might be useful for veterinary surgeons to examine periodontal patients for concurrent diseases and can be used as a tool to promote dental hygiene recommendations to pet owners. It is currently recommended to brush a dog's teeth once per day using toothpaste especially made for dogs. Regular veterinary checkups are important to identify early signs of periodontal disease and veterinary treatment may be required to prevent its development.
CONCLUSIONS
Concurrent systemic diseases were identified in 73 % of the periodontal patients sampled. The cardiovascular and haematopoietic systems were particularly affected.
The most common comorbidities were high liver enzymes, heart murmur and mitral valve disease amongst others.
The comorbidity incidence increased with PD severity and there was significantly higher disease prevalences in the periodontal patient samples compared to the UK pet dog data. This study supports an association between periodontal disease and systemic diseases in the dog.
